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[57] " ABSTRACT 

A wide angle instrument for illuminating, observing 
and photographing the fundus of the eye is provided. 
The instrument has a focus tube containing spaced 
decollimating and objective lenses with an adjustable 
aperture diaphragm positioned therebetween, which 
tube projects a glare-reducing entrance pupil on the 
eye examined and maintains the position and size 
thereof while the instrument is being focused by mov 
ing the focus tube relative to the eye examined to focus 
on the fundus. 

18 Claims, 4 Drawing Figures 
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WIDE ANGLE FUNDUS ILLUMINATION AND DESCRIPTION , 
PHOTOGRAPHY APPARATUS The invention will become more apparent from the 

FIELD OF THE INVENTION. 

This invention relates to wide angle illumination of 
an object, particularly illumination of an object for 
image reproduction thereof. 

THE PRIOR ART 

Although illumination of objects, e.g. the eye interior 
for viewing and picture taking is known, such devices 
have not provided for reduced glare, wide-angle illumi 
nation and picture taking thereof. The means for taking 
pictures of the fundus of the eye have provided narrow 
angle illumination and observation, e.g. 60° to 70° , and 
a number of photographs therefrom from 30° to 45° 
only, which then must be assembled to produce a com 
posite picture of the eye. Further, these systems have 
been illuminated through the lens system that receives 
the image, resulting in viewing and pictures partially 
obscured by glare re?ected in the lens system. More 
over, movement of the camera lens unit relative to the 
eye has been required to focus the same on the fundus 
thereof. 
There is, therefore,-a need and market for a device 

that substantially overcomes the above shortcomings to 
provide clear wide-angle illumination, observation and 
photographs of the fundus. 
There has now been discovered a wide-angle obser 

vation system that illuminates the fundus of an eye 
positioned proximate thereto, a system that can project 
a glare-reducing entrance pupil on the lens of the eye 
and maintain such glare shield while being focused on 
the fundus, which focusing is accomplished without 
moving the camera relative to such eye. 

SUMMARY 

Broadly, the present invention provides an illumi 
nated reduced-glare, image receiver for viewing an 
object comprising, means for illuminating said object, a 
?rst lens means mounted proximate the illuminated 
object for directing the light ?eld reflected therefrom 
into a beam having diverging and converging rays; 
a collimating lens means mounted on the axis of said 

beam and spaced from said ?rst lens so that the inter 
mediate image of the beam transmitted from said ?rst 
lens is positioned therebetween, which lens lessens the 
divergence of the beam rays passing therethrough; 
a focusing lens assembly positioned following said 

collimating means, in the path of said light beam and 
axially moveably mounted with respect thereto, said 
focusing lens assembly having decollimating lens means 
mounted in ?xably spaced relationship to a diaphragm 
and objective lens means mounted proximate said dia 
phragm on the axis of said beam; and an image receiv 
ing means positioned‘on the remote side of said objec 
tive lens means for receiving said image such that the 
beam from said collimating lens means enters said fo 
cusing lens assembly through the decollimating lens 
means which directs the rays of said beam to said ob. 
jective lens means through said diaphragm, which re 
duces glare components of said beam; at least some of 
the elements of the focusing lens assembly being moved 
along the beam until said beam is focused by the objec 
tive lens means on said image receiving means. 
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following detailed speci?cation and drawings in which: 
FIG. 1 is an elevation schematic view of the image 

receiver embodying the present invention; 
FIG. 2 is a sectional elevation view of a portion of the 

embodiment of FIG. 1; 
FIG. 3 is a facsimilie of the ?eld of view of the fundus 

of the eye received by the image receiver embodying 
the present invention; and 
FIG. 4 is a partially schematic elevation view of an 

other image receiver embodying the present invention. 
Referring now to the drawings, the image receiver 

embodying the invention 10 includes camera 11 
mounted at the rear end of main housing 12, shown in 
FIG. 1. At the forward end of the housing 12 is 
mounted objective lens cone 25 which contains fore 
most, as the ?rst lens means, contact lens 34 and objec 
tive lens means 26 therebehind as shown in FIG. 1. The 
contact lens 34 is positioned in close proximity with the 
cornea of the eye to be observed. The fundus 27 of the 
eye 28 is illuminated by 'optic ?ber bundle 30 which 
spreads into ?bers mounted around the peripheral por~ 
tion of the contact lens 34 at the rear side thereof, 
which ?bers project a beam which illuminates a wide 
?eld of the fundus, also shown in FIG. 1. 
Behind the objective lens means 26 is collimating 

lens means 24 followed by focus tubes 14 and 16 which 
are axially moveably mounted within the housing 12 as 
shown in FIG. 2. The focus tube 14 has mounted at the 
forward end thereof, decollimating lens means 22, 
spaced from adjustable aperture diaphragm 20, which 
is mounted at the rear end of such tube as shown in 
FIGS. 1 and 2. The focus tube 14 is moveable by knob 
29. The focus tube 16 has objective lens means 18 
mounted thereon and is moveable by knob 17 shown in 
FIG. 2. The knobs l7 and 29 extend through narrow 
slots in the housing 12. 
Behind the focus tube 16, within the housing 12 is 

positioned beam splitter 13 and ?nally the image re 
ceiving device, e.g. ?lm transport device, or camera 11 
as shown in FIG. 1. 

In operation, the head of the patient is positioned on 
a chin rest (not shown) and the entire image receiver 
10 is brought into position proximate or in contact with 
the cornea of the patient’s eye 28. The illuminating 
light is activated and travels through the optic ?bers to 
project a beam which illuminates the fundus 27 of the 
eye 28 in a wide ?eld. The beam 35, e.g. from point 33 
on the fundus 27, then re?ects back through the eye 
lens 36, through the pupil and the contact lens 34, 
through objective lens means 26 where the light beam 
converges to focal point 39 to fonn an intermediate 
image, thence diverges to collimating lens means 24, 
where the beam is rendered less divergent and directed 
rearwardly toward the focusing tube 14. The beam 
enters the focusing tube 14 through the decollimating 
lens means 22, which renders components of the beam 
less divergent and nearly parallel and directs such beam 
rearwardly through the diaphragm 20 (which reduces 
or blocks glare components of the beams) to the objec* 
tive lens means '18 which converges the beam to a point 
or zone 37 on the image receiving means, e.g. ?lm 15 of 
camera 11. In another example, points 41 and 45 on 
the fundus 27 re?ect, respectively, illumination ?eld 
rays ‘43, which are parallel between lens means 24 and 
22 and pass through the respective lenses to points 49 
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and 51 on the camera ?lm 11 as shown in FIG. 1. The 
focusing tubes 14 and 16 are moved within the housing 
12 along the beam or beams until such beam is focused 
by the objective lens means 18 of the tube 14 on the 
camera 11 as seen by the observer at portal A thereof. 
The focusing tubes 14 and 16 can be moved together 

or separately to obtain the desired focusing on the 
target area. For example, the tubes 14 and 16, can be 
moved as a unit or tube 14 can be moved relative to 
tube 16. 
When proper illumination and focusing of the fundus 

27 of the eye 28 is achieved, bright light can be beamed 
or pulsed into the fundus 27 through the same ?ber 
optics 30 for examination and/or photography pur 
poses to obtain well de?ned wide~angle pictures of such 
fundus. Accordingly the arc lamp 72 backed by the 
concave re?ector 76 projects a beam 82 and 84 
through focusing lens 80 to the ?ber bundle 30 and 
thence to the fundus 27 of the eye 28 as shown in FIG. 
1. Means (not shown) turn the lamp 72 on and off as 
desired. ' 

An example of the advance in the art of such pictures 
is shown in FIG. 3, wherein a 100° ?eld of view 38 of 
the fundus which can be observed and photographed 
by the image receiver of the present invention is com 
pared with the 45° ?eld of view 40 of such fundus ob 
tained by the most advanced fundus cameras. These 
45° cameras require a succession of photographs to 
cover by composite, the l00° ?eld which can be clearly 
photographed in one shot by the wide-angle camera 
embodying the present invention. 
Thus, the image receiver of the invention provides 

for wide-angle illumination, focusing, observation and 
photography of objects including the fundus of the eye. 
The image receiver embodying the invention, e.g. the 

wide-angle fundus camera, has the advantageous fea 
ture that it can be focused on the patient’s eye or other 
object by means of the moveable focus tube without 

- having to move the camera relative to the subject eye 
or the observing eye. A further advantageous feature of 
the image receiver of the invention is that the adjust 
able aperture diaphragm in the focus tubes “projects” 
an entrance pupil through the lens system onto the 
pupil of the eye examined. The projected pupil can be 
adjusted to a suitable diameter to permit viewing of the 
wide ?eld of the fundus of the eye and yet small enough 
to screen out glare and haze of re?ected light emerging 
through the eye to the image receiver for clear observa 
tion of the fundus without glare and haze interference. 
The speci?c advantage of this feature of the present 
invention is that once the projected pupil of a proper 
size is established on the eye examined (e.g. the eye 
lens 36 of FIG. 1), the size and position of this pro 
jected pupil is maintained even while the wide-angle 
camera is being focused by moving one or both focus 
tubes. Thus, the projected pupil from the adjustable 

‘aperture diaphragm remains constant while the focus 
tube or tubes are moved to obtain a sharp image for the 
image receiver of the invention. , 
The diaphragm of the invention is ?xably mounted in 

spaced relationship with (and behind) said decollimat 
ing lens means and preferably at the focal point 
thereof, as illustrated, for example, in FIG. 1. ‘ 
With respect to the objective lens means, ‘said dia 

phragm can be located among the objective lenses (of 
the objective lens means) at the rear of the focus tube. 

' Preferably, such diaphragm is located forward of such 
objective lenses or lens, e.g. forward of lens 18, in FIG. 
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4 
l, to screen out glare and haze components of the light 
beam. When such diaphragm is forward of the objec 
tive lens means, advantageously, it should be proximate 
such lens means since the lens diameter of the objective 
lens means must be larger as the diaphragm is moved 
away therefrom. 
The ?rst lens means of the image receiver of the 

invention need not have a contact‘ lens mounted 
thereon, since the unit may be spaced within a short 
distance of the eye, e. g. one to two millimeters or more, 
or it may contact the surface of such eye. Preferably, ‘ 
however, the ?rst lens means does have mounted fore 
most a contact lens so that it may be brought comfort 
ably in contact with such eye over the cornea thereof or 
be spaced a short distance therefrom, e.g. up to one or 
two millimeters more therefrom. 
The type of contact lens employed in the present 

invention is preferably a corneal lens (single curve) as 
opposed to a scleral lens (multi-curve) which conforms 
closely to the eye surface contours. Particularly pre 
ferred is a corneal lens of 8.5 to 10 millimeters in diam 
eter. The corneal lens can function in contact with the 
eye or spaced therefrom as stated above. The scleral 
lens functions effectively only in contact with the eye. 
These contact lenses are preferably of near zero refrac 
tive power and are of optical quality, preferably of 
transparent plastic. ' 
As previously stated, the means for illuminating the 

interior of the eye preferably does not pass through the 
viewing or observation lens system except as necessary 
to enter the pupil of the eye at the periphery thereof. 
Preferably, the light is beamed into such eye through 
?ber optics spaced around and behind the lens nearest 
the pupil of the eye, e.g. the contact lens. In sum, for 
picture taking of the fundus of the eye, illuminating or 
aiming light and a ?ash system are projected into the 
fundus through the same ?ber bundle and do not pass 
through the lens system, which further reduces glare. In 
other words, the illumination beams are separate from 
the viewing or camera beams. While the above ?ber 
optic lighting system for illuminating the eye interior is 
preferred, other lighting systems may be employed 
withinv the scope of the present invention, including 
illuminating systems which beam light through the 
viewing or observation lens system, if desired. 
Although various lamps can be employed in illumi 

nating and for bright or ?ash lighting of the fundus of 
the eye, the lamp for bright lighting of the fundus is 
preferably a Xenon arc lamp with a concave (including 
elipsoidal or parabolic) re?ector, preferably a para 
bolic re?ector, an preferably with the electrodes of the 
arc lamp positioned so that the axes thereof coincide 
with the. axis of the re?ector. 
The ?rst lens means at the forward end of the image 

receiver can be one or more lenses which magnify the 
light beam received, i.e. project a converging or diverg 
ing beam. The second or collimating light lens means 
can be one or more lenses which convert the divergent 
beam into a less divergent or a parallel light beam. 
The focusing lens assembly can be the focusing tubes, 

as described above and can also be any system having 
two or more spaced lens means and a diaphragm which 
are axially moveable, separately or together, with re 
spect to the second or collimating lens means in the 
path of the light beam issuing therefrom, which focus a 

I beam described above on an image receiving means, 
e.g. camera, observing eye, screen and the like. The 
focusing lens assembly, as stated, ‘can be a tube or other 
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lens carriage, e.g. an open network which supports the 
spaced lens means and diaphragm, a bar or rod sup 
porting one or both lens means, a rectangular tube or 
any other shape whichcan serve to hold such lens 
means and diaphragm in spaced relationship, provided 
that such lens means are axially moveable with respec 
to the second or collimating lens means. - 
The focusing lens assembly can have, at the forward 

portion thereof, as decollimating lens' means, one or 
more lenses mounted thereon and at the remote end 
thereof, as objective lens means, one or‘more lenses 
mounted thereto with an adjustable aperture dia 
phragm mounted among the objective lenses or in front 
of same, proximate thereto. . 
Between the objective lens means of the focusing lens 

assembly and the image receiving means, can be posi 
tioned a beam splitter, which, as discussed above, di 
rects a portion of the beam to an image receiving 
means, e.g. a camera, and directs another portion of 
said beam to another image receiving means, e.g. a 
viewing portal for an observer, a TV or other camera, 
a scope and the like. The beam splitter can be a prism 
and a ?at piece of glass of equivalent index of refrac 
tion or a cube beam splitter. The beam splitter can be 
dispensed with if desired. A re?ex camera, where em 
ployed, provides a viewing portal through the camera 
lenses. , 

Other objects or articles besides the interior of the 
eye can be focused upon and observed through the 
image receiver of the present invention. Objects, where 
removing glare for a clear picture is desirable, can be 
readily viewed and photographed through the appara 
tus of the present invention, e.g. the interior of locks, 
insects and miniature electronic equipment, as well as 
larger objects where it is convenient to be able to focus 
the image receiver without having to move the overall 
assembly relative to the object to be observed or photo 
graphed. Preferably, the image receiver embodying the 
present invention is highly suited for wide~angle illumi 
nation, observation and photographing of the fundus of 
the eye with sharply focused, glare-free clarity. 
The image receiving means at the end of the image 

receiver can include the observation eye, ?lm, TV, 
motion and still cameras and scopes and measuring 
devices, e.g. re?ectometer or a combination thereof. 

In the wide-angle camera embodying the present 
invention,'illumination, observation and photographing 
of the fundus with a ?eld of view of between 80° to 150° 
and usually 100° or more is obtained in sharp clarity. 

In addition to single axis alignment of the lens com 
ponents of the image receiver of the present invention, 
various other multi-axes lens alignment embodiments 
can be provided within the scope of the present inven 
tion. Thus, by use of re?ective means the lens compo 
nents of the invention can be positioned at suitable 
angles to de?ne a more compact unit where desired. 
For example, image receiver 52 has, positioned in 
housing 55, illuminating means 53 which directs light 
to the fundus 50 of eye 54 as shown in FIG. 4. The 
fundus 50 re?ects light beam 56 through ?rst lens 
means 58, through collimating lens means 60, thence to 
mirror 62 which directs the beam at a different axis to 
focusing lens assembly 64 (having decollimating lens 
means, an adjustable aperture diaphragm and an objec~ 
tive lens means) to beam splitter 66, which angles a 
portion of the beam to viewing portal 68, while permit 
ting passage therethrough of the remainder of the beam 
to camera ?lm 70, as shown in FIG. 4. 
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6 
What is claimed is: . 
1. An illuminated, reduced-glare, image receiver for 

viewing an object comprising, means for illuminating 
said object, a ?rst lens means mounted proximate the 
illuminated object for directing the light ?eld re?ected 
therefrom into a beam having diverging and converging 
rays a collimating means mounted on the axis of said 
beam and spaced from said ?rst lens so that the inter 
mediate image of the beam transmitted from said ?rst 
lens is positioned therebetween, which lens lessens the 
divergence of the beam rays passing therethrough; a 
focusing lens assembly positioned following said colli 
mating lens means, in the path of said light beam and 
axially moveably mounted with respect thereto, said 
focusing lens assembly having decollimating lens means 
mounted in ?xably spaced relationship to a diaphragm 
and ob :pctive lens means mounted proximate said dia 
phragm on the axis of said beam; and an image receiv 
ing means positioned on the remote side of said objec 
tive lens means for receiving said image such that the 
beam from said collimating lens means enters said fo 
cusing lens assembly through the decollimating lens 
means which directs the rays of said beam to said ob 
jective lens means through said diaphragm, which re 
duces glare components of said beam; at least some of 
the elements of the focusing lens assembly being moved 
along the beam until said beam is focused by the objec 
tive lens means on said image receiving means. 

2. The image receiver of claim 1 wherein said focus 
ing lens assembly has said decollimating lens means, 
said diaphragm and said objective lens mounted in 
?xed relationship to move together along the axis of 
said beam. 

3. The image receiver of claim 1 wherein said focus 
ing lens assembly has said decollimating lens means and 
said diaphragm mounted in ?xed relationship to move 
together along the axis of said beam independently 
from said objective lens. 

4. The image receiver of claim 1 wherein said focus 
ing lens assembly is mounted on a carriage which is 
axially moveable with respect to said collimating lens 
means and said image receiving means and said dia 
phragm is mounted at the focal point of said decol~ 
limating lens. 

5. The image receiver of claim 1 wherein said focus 
ing lens assembly is a focus tube axially moveable with 
respect to said collimating lens means and said image 
receiving means. 
' 6. The image receiver of claim 1 wherein each lens 
means is a plurality of lenses mounted in series. 

7. The image receiver of claim 1 wherein said first 
lens means has a plurality of lenses mounted at the 
smaller end of a conical housing. 

8. The image receiver of claim 1 wherein an adjust 
able aperture diaphragm is mounted between a pair of 
lenses in said objective lens means. 

9. The image receiver of claim 1 wherein an adjust 
able aperture diaphragm is mounted between said 
decollimating lens means and said objective lens 
means. 

10. The image receiver of claim 1 wherein said object 
is the fundus of the eye, said ?rst lens means having, 
foremost, a contact lens mounted thereto, said contact 
lens having a plurality of optical ?bers mounted around 
and on the rear surface of the contact lens proximate 
the rim thereof, means for placing said contact lens in 
close proximity with the pupil of said eye and means for 
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transmitting light through said ?bers into said eye‘ to 
illuminate the fundus thereof. 

11. The image receiver ‘of claim 10 wherein said 
contact lens is a corneal contact lens which can be 
employed in contact with, as well as in, spaced proxim 
ity with the cornea of the eye. 

12. The image receiver of claim 10 wherein bright 
means emits high intensity light to said ?bers for trans 
mission therethrough (for transmitting high intensity 
light through said ?bers is provided) to enable picture 
taking of said fundus. _ 

13. The image receiver of claim 12 wherein said 
bright means is an arc lamp backed by a concave re 
?ector. 

14. The image receiver of claim 12 wherein said 
bright means is an xenon arc lamp backed by a para 
bolic re?ector. 
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15. The image receiver of claim 12 wherein said 

bright means is an xenon arc lamp backed by a para 
bolic re?ector, the electrodes thereof being mounted 
so that their axes coincide with the axis of the re?ector. 

16. The image receiver of claim 12 wherein said 
bright means is an xenon arc lamp backed by a para 
bolic re?ector, said contact lens is a corneal lens 8.5 to 
10 mm in diameter and said focusing lens assembly 
projects a pupil on the crystaline lens of the eye which 
pupil can be adjusted to the desired size then main 
tained constant while the focusing lens assembly is‘ 
moved into focus on the fundus of said eye. 

'17. The image receiver of claim 1 wherein said image 
receiving means is a camera. 

18. The image receiver of claim 17 wherein a beam 
splitter is mounted between said objective lens means 
and said camera for directing part of the beam issuing 
from said objective lens means to a viewing portal. 

* * * * * 


